Isolation and characterization of microsatellite loci for Rhododendron shanii (Ericaceae)
data, Trim Galore version 0.4.4 (Babraham Bioinformatics, http:// www.bioinformatics.babraham.ac.uk/projects/trim_galore/) was used to dynamically remove those low-quality fragments with 10% chance of error in the base call from the 3′ ends of the sequencing data. The quality of the pre-processed data was analyzed using FastQC version 0.11.5 (Andrews, 2010) . A total of 78,354 contigs were obtained by de novo assembly using Trinity version 2.3.2 (Grabherr et al., 2011) . All of the assembled contigs were searched for microsatellite loci using BatchPrimer 3 (You et al., 2008) , with minimum repeat number of six for dinucleotides and five for tri-, tetra-, penta-, and hexanucleotides. Primer sets were designed with Primer3 with default parameters (Untergasser et al., 2012) . A total of 25,564 SSRs were identified from 23,264 contigs and used to design 17,251 microsatellite primer sets. Of these, 24 primer sets that amplified di-and tetranucleotide repeats with a minimum of five repeats (range 5-26) were selected at random to test for polymorphism. The leaves collected from one individual were regarded as a single sample. A modified cetyltrimethylammonium bromide (CTAB) method was used to extract total genomic DNA from 0.20 mg of leaf tissue (Wang et al., 2010) . Each PCR amplification reaction contained 1 μL of DNA (100 ng), 0.5 μL of each primer (10 μM) (forward primer fluorescently labeled with FAM, HEX, or TAMRA; Table 1), 7.5 μL of 2× EasyTaq PCR Supermix (TransGen Biotech), and 5.5 μL of sterilized deionized water in a total volume of 15 μL. Amplification was performed on an ABI 2720 Thermal Cycler (Applied Biosystems, Waltham, Massachusetts, USA) under the following conditions: initial denaturation at 95°C for 5 min; followed by 35 cycles of 30 s at 95°C, at an annealing temperature of 53°C for 30 s, and at 72°C for 20 s; and a final extension at 72°C for 10 min. In order to read the SSR data clearly, the PCR products were individually processed on an ABI PRISM 3730 Genetic Analyzer (Applied Biosystems) with a GeneScan 500 Size Standard and analyzed using GeneMarker (version 1.3; SoftGenetics, State College, Pennsylvania, USA). MICRO-CHECKER (van Oosterhout et al., 2004) was used to detect the presence of null alleles and errors in the microsatellite genotyping. The number of effective alleles (A e ), observed heterozygosity (H o ), and expected heterozygosity (H e ) were calculated using GENETIX version 4.0 (Belkhir et al., 2001 ). All population genetic parameters were calculated for each population and across all populations of R. shanii. Deviations from Hardy-Weinberg equilibrium (HWE) were tested using GENEPOP version 3.4 (Rousset, 2008) using the following parameters: 10,000 dememorization steps, 20 batches, and 5000 iterations per batches. The function of each locus was determined by a BLAST search of the NCBI database.
In this study, we screened 24 microsatellite loci, revealing a total of 291 alleles. Considering all populations, five loci were found to deviate from HWE (P < 0.01) in R. shanii (Table 1 ). The nuclear genetic diversity varied between populations, with A e ranging from 5.83 (SBG) to 7.54 (THJ), H o from 0.650 (SBG) to 0.718 (DZJ), and H e from 0.591 (SBG) to 0.685 (THJ). Overall, SBG showed the lowest genetic diversity of the five populations ( Table 2 ). The deviation from HWE was likely related to sample size, substructuring of the samples, or intra-population inbreeding. Across all five populations of R. shanii using the 24 loci, the number of alleles ranged from one to 20, H o ranged from 0.000 to 1.000, and H e ranged from 0.000 to 0.918 (Table 2 ). Putative functions were identified for 17 microsatellite loci through BLAST searches (Table 1) . We next tested these 24 primer sets for cross-amplification in R. annae, R. chihsinianum, R. decorum, R. denudatum, R. fortunei, R. neriiflorum, R. rex, and R. simiarum (Appendix 1) . Most of the primers also amplified products in these eight species and no null alleles were found (Table 3) .
CONCLUSIONS
We identified 25,564 SSRs from 23,264 contigs and designed 17,251 microsatellite primers. The 24 novel microsatellite markers identified in this study are valuable tools that will be useful for investigating population structure, gene flow levels, and mating systems, as well as for conservation genetic studies of R. shanii. These Voucher and locality information are provided in Appendix 1.
